Objective. To develop and test a handover performance tool (HPT) able to help clinicians to systematically assess the quality and safety of shift handovers.
Introduction
There is evidence from the literature to support the claim that doctors' shift handovers are characterized by a high level of information corruption and lack of structure [1] [2] [3] [4] [5] . Nonetheless, the impact of sub-optimal handover practice has severe consequences for both patients and staff. For patients it often means altered or delayed treatment plans, the concept of handover is poorly defined and questions remain as to how best it should be measured.
It has been suggested that quality and safety of doctors' handover depends on both technical and non-technical aspects of their performance [9] . Technical skills refer to procedure-specific skills, whilst 'non-technical skills', as core part of human factors, refer to the cognitive, social and personal resource skills that complement technical skills and therefore contribute to safe and effective task performance [10] . Generic human factors relevant to patient safety include elements of teamwork, situation awareness, decision-making, leadership, task management and communication.
In high-risk industries technical and non-technical skills are routinely assessed [10] . However, in health care, studies on handover have focused almost exclusively on technical performance and in particular on the development of protocols and checklists that define specific information content for particular clinical settings [11, 12] and tools in support to communication standardization. Such tools focus on general interaction structures that do not define the exact content of the information but the topics to be covered during handover. Most of them are adaptations of the classical SBAR tool, such as ISBAR (identify situation, background, agreed plan, read back) [13] ; and 'iSoBAR' (identify, situation, observations, background, agreed plan, read back) [14] ; but some are more context specific such as the SHARED (situation, history, assessment, risk, expectation, documentation) tool for Obstetrics and Gynaecology handovers [15] .
Nonetheless, to ensure patient safety and continuity of care attention to non-technical skills and human factors is necessary since patient handovers require effective teamwork, which involves more than just information transfer [8] . Only a few studies so far have explored handover quality including some measurement of teamwork processes [8, [16] [17] [18] but none of these studies explicitly looked at the non-technical skills involved in shift to shift handovers. Thus, there is a need to develop and evaluate an assessment tool able to help clinicians to systematically assess the quality and safety of handovers. The tool would be of value not only in the assessment of qualified doctors but also as an aid in undergraduate education and training. The present study aims to develop and test a handover performance tool (HPT).
Methods
The study was conducted in a medium size general district hospital in the UK following ethics approval of the local National Health Service (NHS) Hertfordshire Research Ethics Committee, The Luton and Dunstable Hospital Research and Development Department and the School of Pharmacy University of Hertfordshire ethics committee. A triangulation of research methods [19] was used to develop and test a performance assessment tool for medical shift handovers taking into account technical as well as human factor aspects. These methods included a literature review, consultations with a panel of experts and validation of the tool in both clinical settings and during simulated handover video sessions.
Item generation
An initial list of items was generated by the principal researcher based on the existing literature on handover rating tools [20] [21] [22] and previous research on human factors in health care [23] [24] [25] . In particular, some items for information transfer and teamwork were adapted from a rating form for inter-professions and inter-speciality handover [8] .
Items were then grouped by the principal researcher into five generic non-technical skill categories:
(i) Communication: items included referred to the quality and quantity of the information exchanged during handover. 
The Delphi method
A Delphi process [26] was also used to gain consensus about the inclusion of non-technical skill items in an HPT measuring the quality and safety of handover. A panel of experts composed by 30 members (17 doctors, 4 nurses, 1 pharmacist, 5 industrial psychologists and 3 academics/ researchers) identified through the UK Clinical Human Factors Group evaluated the HPT items. For each item on the list the participants indicated whether the item should be incorporated into the tool by scoring between 1 (strongly disagree) and 5 (strongly agree). Responses from participants were then analysed and the mean scores and standard deviations were calculated for each item in each round. Rounds were repeated until consensus among the expert panel was achieved. The literature on the Delphi process does not define when consensus can be deemed to have been reached [16] . Therefore, an 80% cut-off value was selected which correlated with a mean score of 4.0. The items which were rated above this value in Round 1 were selected to be included, the rest of them were resubmitted to the panellists with a summary of the results of Round 1. A third round was not required as the predetermined criteria for consensus was achieved and data saturation was reached.
Assessment of validity and reliability of the HPT
Data were collected during 20 observations in two clinical settings (10 in Paediatrics and 10 in Obstetrics and Gynaecology). Each handover meeting was assessed independently by four raters: the doctor handing over, the doctor taking over the responsibility for the patient and two external observers. All assessments were made immediately after the handover meeting. Further, extra data were collected during the simulated handover video sessions attended by the consultants from various disciplines in the study hospital. A 10-min handover training video developed by the Salisbury NHS Trust [27] , featuring an example of poorly conducted handover ('poor handover' video) and an example of a well-conducted handover ('good handover' video) was shown to the doctors who agreed to take part in the study (n = 62). Doctors were then asked to use the HPT to rate both videos.
Data were analysed in order to assess whether the HPT measures the five non-technical skills that it is supposed to measure (i.e. demonstrates construct validity) and does so accurately (i.e. shows good reliability). A principal component analysis (PCA) ( promax rotation) was therefore conducted on all ratings of handover in our sample (i.e. by four raters in two clinical settings and from the video sessions). Also, the assessment of reliability was done using Cronbach's alpha to determine the HPT internal reliability and the intra-class correlation coefficient (ICC) to determine the inter-rater reliability of the HPT scales. Finally, the level of association between non-technical skills and the handover quality (i.e. concurrent validity) was computed using multiple regression analysis.
Results

Item generation
The initial draft of the HPT resulted in 21 non-technical items. Two items on accountability and responsibility and a single item for the assessment of the overall handover quality were also added to the tool by the expert panel. Moreover, because time pressure, workload and staffing issues may influence handover quality it was deemed important to include four extra items assessing the circumstances of handover to allow an analysis of their influence on its quality. The total number of HPT items was 28. Each item on the HPT was to be rated on a 5-point scale (1 = strongly disagree to 5 = strongly agree). Table 1 shows the results of two rounds of the Delphi process. Round 1 resulted in inclusion of 14 items. In Round 2, 14 items were assessed. This resulted in further inclusion of 11 items on the assessment tool. In total, 25 items were included after two rounds (Fig. 1 ).
Delphi method
Construct validity
Pre-analysis checks showed that factorization of the combined sample of observations and video data (n = 141) was appropriate, as indicated by a Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy of 0.793. An initial principal components analysis was conducted on the polychoric correlation matrix. Although the first five components had eigen values of >1, the Cattel's scree test suggested the extraction of only the first three. Thus, three factors, accounting for 66% of the total variance, were extracted.
Factor one 'Communication' explained 37% of the common variance between items ( Table 2 ). Items that loaded most on this factor referred to (a) sharing of information, including the possibility of asking questions (i.e. closing the 'communication loop'; (ii) assessment of the clinical situation including environment and potential patient outcomes. Factor two, 'Teamwork' explained 32% of the overall common variance observed among factors. Items most loading on the second factor were related to positive contact and coordination between clinicians involved in the handover and absence of conflicts. The third factor 'Situation awareness' accounted for 30% of variance and described the tendency to focus the attention on the team briefing and the identification of the sickest patients.
Reliability
HPT internal consistency was computed using Cronbach's alpha based on the clinical observations using ratings by both the doctor handing over and the doctor receiving the handover, and the two external observers in the two clinical specialities (n = 80). Figures for alpha are all >0.7 indicating that the reliability of the HPT is acceptable ( Table 3 ). The inter-rater reliability of the HPT scales (communication, teamwork and situation awareness) was fairly good as highlighted in Table 4 .
Concurrent validity
Across each of the conditions (natural observations and videos) the scales explained a large amount of the variance in quality rating (39.6-55.5%) ( Table 5 ). Multiple regression analysis showed that communication and teamwork have a sound impact on the way doctors perceived handover quality. In particular, factor 1 'Communication' was the strongest predictor of quality, indicating that for every one unit increase in the rating of communication there was around a half a unit increase in perceived quality (β: 0.53-0.58, P ≤ 0.001).
Discussion
We have developed and tested the HPT for assessing the human factor aspects of doctors' handover. Our tool was primarily developed because it was deemed important to regard handover as something more than a pure episode of information transfer as many are the factors that influence its quality and ultimately safety. When measuring doctors' handover abilities in current practice, consideration was given to the fact that individual performances are embedded in larger units of activity and purposes and that variation in performance may be shaped by the relationship between individuals and the components of the larger units. Doctors' performance may in fact be conceptualized as an entity which is complex, multifactorial and non-linear in nature [28] . The HPT items were generated following a review of the literature and panel of experts' consultation which included a Delphi process to identify the key non-technical skills for shift handovers. Such a process resulted in the inclusion of 25 items.
In our study, the non-technical skill that mainly accounted for good handover quality was communication. The importance of communication across various medical domains [29] . I, included E, excluded. Consensus was deemed to have been reached with a cut-off value of 80% which correlated with a mean score of 4.0. HPT items rated above the 80% value in Round 1 were selected to be included in the HPT. Items on which no consensus was reached were resubmitted to the panellists. A third round was not required as the predetermined criteria for consensus (80%) was achieved and data saturation was reached.
and in the context of handover has been previously identified in the literature [5, 14] . There is also abundant evidence of negative consequences of poor communication during handovers such as increased in-hospital complications, preventable adverse events, increased cost, diagnostic test delays and other safety threats [14, 30] . However, it could be argued that the problems with handovers might not just lie in the content of information that is communicated (technical skill) but in how the information is, or is not, communicated (nontechnical skill). It is important for doctors that clinical information is effectively shared between the night and day team and this can only happen if for example, the communication is open and consistent and correctly decoded by the recipient.
It is essential to underline though that other non-technical skills, namely teamwork and situation awareness, were found to be highly correlated with perceived quality of handover. This result compares with the findings reported by Siassakos et al. [18] in a cross-sectional study of clinical efficiency in a simulated emergency in Obstetrics and Gynaecology. The authors found that more efficient teams were more likely to exhibit positive team behaviours which related to better handover. A few studies have also emphasized the importance of such non-technical skills for junior doctors in various clinical settings [31, 32] . Further, Catchpole et al. [11] pointed out that non-technical skill errors were more frequent than technical errors in paediatric surgery handovers. In contrast, a recent study looking at team behaviours (including communication, coordination, cooperation, leadership and monitoring domains) in a similar post-operative setting found that there was no correlation between such domains as, information omission and patient-specific task errors [8] . However, these findings may be specific to preand post-operative handovers.
An unexpected result was that the leadership and task management did not come up as separate underlying dimensions of the tool as expected. On the one hand, this could be due to the fact that the tool is not able to capture those two non-technical skills and other behavioural markers should be used, i.e. to identify aspects of leadership that are not linked to communication. On the other hand, leadership and task management can also be seen as integral dimensions of the overall domain of team behaviours and therefore it might be very difficult to differentiate one from another as they are inter related. As mentioned in Jeffcott [33] , handover can be seen as part of the so-called 'clinical Figure 1 Final version of the handover performance tool.
microsystem' of patient care [34] . Such microsystems include leadership, safety culture, trust and teamwork aiming to promote reliability and safety within safety-critical systems.
Finally, the reliability of the HPT was also assessed. It was found to have good internal consistency and inter-rater reliability. The latter is a particularly promising finding and provides preliminary evidence that the HPT can be easily used by raters with different backgrounds without requiring extensive training in human factors which has clear resource implication. Moreover, it is vital to make performance assessment mainly a formative activity that needs to be linked to early specific training for clinical handover [35] . Until recently, little attention has been paid to clinical handover in medical curricula and there is a lack of formal education at all levels of training [8] . It is clear that the assessment tool developed here (i.e. the HPT) can be used to fill this gap in the educational sector, for instance, it could be included as part of a battery of assessment tools in medical schools when evaluating students' performances or in hospital setting to evaluate junior doctors' abilities to handover at the beginning of their training period and at the end. The tool could also assist the clinicians in the development of the core handover nontechnical skills, i.e. teamwork, situation awareness but also accountability and responsibility. The HPT could also contribute to move the research in quality and safety of handovers. As such, it could be used to evaluate the effectiveness of hospital-based interventions, for example, in pre-post intervention studies which include teaching of core handover technical and non-technical skills; it could also be used to evaluate the effectiveness of simulation trainings aiming to improve handover skills. In addition, as the tool was developed for use in variety of clinical settings and for selfassessment by the clinicians involved in the handover it could also be used as part of continuing professional development (CPD) programmes for self-reflective practice hence 
Conclusions and limitations
The HPT is a tool aiming to systematically assess the quality of shift handovers. Overall, the HPT has demonstrated good validity and reliability, hence providing a methodological advancement in the understanding of human factors in clinical handover. It also represents a powerful teaching tool for medical students or for CPD programmes or piloted with other healthcare professionals. Despite that, it is acknowledged that this study had some limitations. First, the items developed focus around five main generic non-technical skills. This may have resulted in overemphasizing of some non-technical skills from the researcher and initial expert panel. However, the content of the HPT was further validated using a Delphi process.
The Delphi process has been criticized for not allowing interactive discussion [36] , nonetheless face-to-face meetings can be difficult to implement for large numbers of clinicians. As the engagement of physicians was deemed crucial in developing a measure of quality of care performance, this method offered an inexpensive and efficient way of reaching consensus on the non-technical items for shift handovers. The Delphi process also allows combining of knowledge and abilities of an expert group anonymously, hence avoiding domination by the most powerful individuals [37] .
Further, a limited sample size was used to validate the construct validity of the tool through exploratory factor analysis. The data collected were clustered within observation type (video versus clinical observations) and only 20 clinical observations were conducted. However, this study reported a preliminary validation of the tool and further multi-setting studies are needed in order to use the HPT as a comprehensive assessment of the quality of clinical handover. The assessment of the handover quality was based on subjective perceptions of the healthcare professionals. Hence, the underlying factors identified here might not generalize to different groups of healthcare professionals not included in the study sample. Additionally, future studies will also need to include measures to allow for comparisons of handover characteristics and objective outcomes. The values given in parenthesis are 95% confidence intervals. *P < 0.05. **P < 0.01. ***P < 0.001.
